The >C=N-unit is an important functional group in organic and bioorganic chemistry. In this study, the possibility of synthesizing unsymmetrical azo-methine Schiff bases was investigated. Successful isolation of tetra-dentate Schiff bases has been accomplished using phenylenediamine derivatives in conjunction with 1-hydroxy-2-acetonaphthone, and salicylaldehyde or 2-hydroxynaphthaldehyde. Nickel(II) and copper(II) salts were found to react with these compounds to produce neutral complexes of the general formula [ML]. On the other hand, it was necessary to employ the template method to complete the reaction between the monocondensate (derived from 1-hydroxy-2-acetonaphthone and phenylenediamine derivative) with 2-pyridinecarbaldehyde (PyL), 2-pyrrolecarbaldehyde (PL), and 2-quinolinecarbaldehyde (QL).
Introduction
Schiff bases have played a central role in the development of coordination chemistry. Because of their preparative convenience and structural changeability, Schiff base complexes have been subjected to extensive studies. A large number of Schiff bases and their complexes have been reported and many of them have shown interesting properties such as their ability to reversibly bind oxygen, [1] the catalytic activity in the hydrogenation of olefins, [2] the transfer of amino group, [3] photochromic properties, [4] complex formation with toxic metals, [5] and antibacterial and antifungal activities. [6] Recently, interest increased in unsymmetrical Schiff bases and their complexes due to their interesting structures and due to their importance as models for several metalloenzymes. [7] [8] [9] [10] In addition, complexes of nickel(II) and copper(II) with 2N2O Schiff base have been found useful as catalysts in the enantioselective synthesis of amino acids, [11] as redox-active catalysts, [12] as second-order nonlinear optical materials, [13] as redox-active electronic materials when fused with tetrathiafulvalene, [14] and as ferromagnetic materials. [15] We have reported reactions of several Schiff bases with a variety of transition metals such as Cu(II), Ni(II), Fe(III), Rh(III), Ir(III), Ru(II), Pt(II), Pd(II) and the biological activity of some of the prepared complexes had been examined. [16] [17] [18] [19] [20] Boghai et al. had
reported the synthesis and characterization of complexes of tetradentate Schiff bases formed from the reaction of o-phenylenediamine with 1-hydroxy-2-acetonaphthone and some aldehydes. [9, 10] In continuation to our work on Schiff bases and their complexes, we present in this study the results of efforts to prepare and characterize some unsymmetrical Schiff bases based on o-phenylenediamine derivatives, and their Cu (II) and Ni(II) complexes. The Schiff bases were prepared by the reaction of 1-hydroxy-2-acetonaphthone with substituted o-phenylenediamine to get the mono-condensation products, as were called by Boghaei et al., [9, 10] which were reacted further with another aldehyde (salicylaldehyde and 2-hydroxynapthaldehyde) to produce tetradentate unsymmetrical Schiff bases, and then, complexes of 1:1 stoichiometry. However, 2-pyrrolecarbaldehyde, 2-pyridinecarbaldehyde and 2-quinolinecarbaldehyde unsymmetrical Schiff base complexes were obtained from the reaction of the monocondensation product with the appropriate aldehyde in the presence of the metal ion.
The proposed structures of the mono-condensation products are shown in Figure 1 and those of the expected unsymmetrical Schiff bases are shown in The nine model structures and the numbering system used in the computational study of the structures. The hydrogen atoms were omitted for clarity.
Experimental

Materials and measurements
The chemicals were purchased from commercial sources. All solvents were of analytical grade and were used as purchased. Organic solids were re-crystallized before use. The CHN elemental analyses were run by M-H-W laboratories, Phoenix, Arizona, USA. Transmission infrared spectra were recorded over the range 400-4000 cm -1 on FT-IR Spectrometer, Spectrum 2000, using cesium iodide pellets. Conductivity measurements were carried out on Jenway 4010 conductivity meter at 25ºC using 1x10 -3 M solutions in dimethylformamide. Electronic absorption spectra were recorded on Unicam UV-UV/Vis Spectrometer in dimethylformamide using 8x10 -5 M solutions.
Magnetic susceptibility measurements were done using a Johnson Mathey magnetic susceptibility balance.
1 H-NMR spectra were carried out using a Bruker NMRspectrometer (Spectrospin-France). Metal analyses were carried out using SP2-PYEUnicam atomic absorption spectrometer (Philips-Britain) according to the method reported elsewhere. [21] Mass spectra were carried out using V6-7070E Mass Spectrometer (70 ex ionization and 1500 resolution).
Preparation of the Schiff bases
The Schiff bases were prepared according to the method reported by Boghaei et al. for similar compounds. [9, 10] The mono-condensation product was first prepared and then reacted with an aldehyde to produce the desired unsymmetrical Schiff base. We were able to obtain products by the reaction of the mono-condensation compounds with salicylaldehyde and 2-hydroxynaphthaldehyde but failed with the rest of the aldehydes. Alternatively, template synthesis was followed in these cases.
Preparation of the mono-condensation compounds
The mono-condensation compounds (HL1, HL2 and HL3, Figure 1 
Preparation of the unsymmetrical Schiff bases H2SL and H2NL
The aldehyde (1 mmol) (salicylaldehyde or 2-hydroxy-naphthaldehyde) dissolved in ethanol (10 ml) was added to ethanolic solution (25 ml) of the monocondensation product (HL1, HL2 or HL3) and then few drops of piperidine were added.
The mixture was left stirring for 1 hr at room temperature until precipitation was complete. The product was collected, washed with cold methanol and dried at 45ºC for 24 hr. The yields were in the range of 60-70%. A similar procedure to that used for preparation of the PL complex described above was used except that the added aldehyde was either 2-pyridinecarbaldehyde or 2-quinolinecarbaldehyde and the metal salt was either copper or nickel perchlorate.
Preparation of the complexes
The yields were in the range of 63-68%.
Computational methodology
The purpose of this part of the study is to obtain a qualitative idea about the structure of the complexes. The R-groups in these complexes may have very minor and negligible effect on the structure of the coordination sphere; therefore they were not considered in the modeling study and we adopted the nine model structures appearing in Figure 3 . All the calculations were performed using Gaussian 03 software package. [22] The structures were optimized using the B3LYP functional based on the default optimization criteria. Based on our own experience, [23] the 3-21G and SDD basis sets can produce good geometry results. The 3-21G basis set was assigned for carbon, hydrogen, nitrogen, and oxygen, while the SDD basis set was assigned for nickel and copper. The calculated frequencies indicate that for each structure the number of the imaginary frequencies is equal to zero which indicates that each is a real minimum. Another optimization was performed based on 1x10 -5 Hartree energy criterion during the optimization process assigning thereby the 3-21G basis set for carbon and hydrogen and the 6-31G(d) basis set for the coordination sphere atoms, nitrogen, oxygen and the metal. Selected structural data are presented in Tables 6 and   7 .
Mutagenic study using Ames Test
Some of the prepared complexes were tested for mutagenicity. Different concentrations of the complexes in dimethylsulfoxide were prepared and tested. 
Results and Discussion
Elemental analysis of the Schiff bases and their complexes are presented in Tables (1) and (2), respectively. Selected IR bands are listed in Table 3 . The physical properties (color, decomposition point, magnetic moment and molar conductivity) of the prepared compounds are listed in Table 4 . The UV/Vis spectral data are shown in Table 5 . Selected structural data (DFT-B3LYP) are presented in Tables 6 and 7 .
Results of the biological activity study are shown in Table 8 . Interpretation of the spectral data (IR and   1 H-NMR) of the Schiff bases and their complexes is being done in comparison with analogous systems of tetradentate Schiff bases. [9, 10] The mono-condensation products will be discussed first, then the unsymmetrical Schiff bases of salicylaldehyde and 2-hydroxynaphthaldehyde and finally the isolated complexes. . The mass spectra of the compounds confirm the molecular skeletons and show the molecular ion peaks at 394.7, 408.5, and 415.6 amu for H 2 SL1, H 2 SL2 and H 2 SL3, respectively.
The H 2 NL Schiff bases
The unsymmetrical Schiff bases; H2NL1, H2NL2 and H2NL3, were produced by the reaction of HL1, HL2 and HL3 with 2-hydroxynaphthaldeyde. These are also yellow colored as in the case of H2SL compounds. The IR spectra of the three compounds showed bands due to the azomethine group at 1608-1620 cm -1 and due to O-H at 3427-3434cm
. The Mass spectra of the compounds showed molecular ion peaks at m/z= 444.7, 459.7 and 466.7 for H2NL1, H2NL2 and H2NL3, respectively, which gives further confirmation on their composition.
From the above discussion of the 1 H-NMR spectral data of the monocondensation products it is observed that the spectra of the Schiff bases H2SL3 and H2NL3 show two peaks which are attributed to both O-H groups present in the compounds, whereas in spectra of H2SL1, H2SL2, H2NL1 and H2NL2, the peak due to the naphthalic O-H group is absent. The explanation for this observation lies on the fact that Schiff bases are known to exist in keto, enol and zwitterion forms and the keto form is more stable in solvents of high dielectric constants. [24, 25] H-NMR spectra.
The [M(SL)] Complexes
Copper complexes of the three Schiff bases, H2SL1, H2SL2 and H2SL3, were The magnetic susceptibility measurements show that the nickel complexes are diamagnetic which implies that they have square planar geometry. [26] The copper complexes were found to be paramagnetic with one unpaired electron which is as expected for Cu(II) complexes. The conductivity measurements show that the complexes are neutral.
The [M(NL)] Complexes
The nickel and copper complexes of the unsymmetrical Schiff bases H2NL were obtained from the reaction of the metal acetate with the corresponding Schiff base.
They were found to be neutral and decompose above 265ºC. The IR spectra of the complexes show the azomethine stretching frequency appearing at 1603-1614 cm -1 , whereas it appears at higher frequencies in the free Schiff bases, which indicates that the nitrogen atom is bonded to the metal.
[ (9, 10] The spectrum of [Cu(NL2)].0.5H2O
shows a broad band at 3200-3450 cm -1 due to the O-H stretching vibration of the associated water of hydration.
The magnetic moment measurements show that the nickel complexes are diamagnetic, which confirms that they have square planar geometries. [26] On the other hand, the copper complexes were found to be paramagnetic. The values of the effective magnetic moments for the copper complexes are in the range 1.23-1.55 B.M.,
much less than what is expected for a mononuclear Cu(II) complex. This could be due to antiparallel alignment of spins on two adjacent Cu(II) cations and may allow suggesting that the complexes are dinuclear. [27] The molar conductivity measurements confirm that these compounds are neutral.
Complexes of the unsymmetrical Schiff bases that contain 2-pyrrolcarbaldeyde (HPL), 2-pyridinecarbaldehyde (HPyL) and 2-quinolinecarbaldehyde (HQL)
Attempts to isolate products from the reaction of the mono-condensation compounds with 2-pyrrolcarbaldeyde, 2-pyridinecarbaldehyde and 2-quinolinecarbaldehyde in order to obtain unsymmetrical Schiff bases were not successful. However, complexes of the expected unsymmetrical Schiff base were obtained from the reaction of the aldehyde and the mono-condensation compound in presence of a metal ion.
Reactions of both metal salts with HL1, HL2 or HL3 and the three aldehydes were carried out. However, we were able to characterize correctly only one complex the Cl-O bond of the perchlorate group. [28] In addition, two bands appear in the spectra of copper-PL complex at 1558 and1260 cm -1 due to asym and sym vibrations of the acetate (CH3COO-) group, respectively. The value of the difference (∆) indicates the bonding of the acetate as uni-dentate. [28] In addition, the IR spectra of [Cu(PL1)(OAc)].0.5C2H5OH shows broad band at 3222-3437 cm -1 due to the O-H stretching of the associated ethanol.
The conductivity measurements in DMF solvent indicate that the PyL and QL complexes are ionic (1:1 electrolytes) whereas the copper (PL) complex is neutral. The nickel complexes were found to be diamagnetic which confirms having a square planar geometry. [26] Electronic absorption spectra
The UV-Vis spectra of the complexes were measured in DMF. The absorption bands that appear below 370 nm were assigned as intra-ligand absorptions; π→π* and n→π, of both the conjugated system and the azomethine group, respectively. [29] Nickel(II) complexes show an absorption band in 450-482 nm range as a shoulder and an intense charge transfer band at the blue end of the visible region. The absence of absorptions above 660 nm indicates square planar geometry around the nickel atom. [29] Spectra of copper(II) complexes show a broad band in the visible region overlapped with an intense band due to charge transfer transition tailing off into the blue end of the visible spectrum. This is consistent with square planar structure of similar tetradendate Schiff base ligands of o-phenylenediamine. [30, 31] Values of λ max with molar absorptivities are shown in Table ( 5) which are assigned as charge transfer transitions. 
Models of the complexes
The two computational procedures; B3LYP/3-21G (C, H comparison with X-ray data of similar 2N2O molecular systems [30, 31] indicates that the second basis set combination produced slightly better bond lengths for the nickel complexes. On the other hand, both methods appear equivalent for the copper complexes.
In general, the structures are not planar as indicated by the dihedral angles ( Figure 4 ). This is attributed mainly to the steric hindrance between the methyl group (C9) and C6(H), as it appears in the C9-C7-N1-C1 and C7-N1-C1-C6 dihedral angle values (Tables 6 and 7 ). In addition to that, a smaller steric hindrance seems to exist between C8(H) and C4(H), as can be seen in the C3-C2-N2-C8 dihedral angle values of all the complexes.
It is well known that the geometry of the donor atoms around nickel in diamagnetic complexes is square planar. Appearing consistent with this fact are the cases of the SL-, the NL-, and the PyL-complexes, as illustrated by the O1-N1-N2-O2
dihedral angle values. In comparison, a deviation appears clearly in the QL-derivative (O1-N1-N2-O2= 23.8 and 13.6). This difference in the QL-complex suggests existence of a third source of steric hindrance, which is between the benzo-ring of the quinolinyl and the naphthyl group. By comparing the two computational procedures, some deviation appears in the values of this dihedral angle in the SL-complexes of copper (O1-N1-N2-O2= 1.9 and 12.3), however, the QL-complex still has the highest value, which is qualitatively true.
The specified bond lengths (Table 6 and 13.1 DH-1, DH-2, and DH-3 are the dihedral angles: C9-C7-N1-C1, C7-N1-C1-C6, and C3-C2-N2-C8, respectively.
Bioligical activity
Twelve compounds were tested for their biological activity using Ames test, ( found to be mutagenic. These findings might be due to differences in the chemical structure and /or chemical properties of the investigated compounds. A more complete study is necessary to determine whether these complexes are potential anti-tumor agents or not. 
Conclusion
Unsymmetrical where the mono-condensation product, the aldehyde and the metal salt were reacted simultaneously to produce the unsymmetrical Schiff base complexes of these three aldehydes. Modeling of the complexes revealed that they are not planar due to presence of intra-molecular steric hindrance. It was found that the presence of the substituents in the diamine compound (methyl, dimethyl or chloro) has no effect on the structure or the spectral properties of the obtained complexes since they are consistent with those reported for the unsubstituted diamine complexes.
We conclude from the UV-Vis data that these complexes can be used as coloring agents. In addition to this potential application, the Ames test illustrates that many of them deserve further investigation as anti-tumor agents.
